INTRODUCTION
The modern day power system has been forced for deregulation due to which power industry is facing limitations from the energy , environmental and regulatory issues, the main issue of an individual power engineers is to improve the power transfer capability of the given transmission facility, so that the transmission facility is used to the maximum at high efficiency. This problem can be addressed by using series compensation .Series compensation when introduced in power systems results in change of power flow in the particular network segment Series compensation technique is a conventional and established method of increasing transmission line capacity for many years by adjusting the power transfer between two stations by adjusting the net series impedance of the line, thus increasing power transmission .Even though this method is well established method but, due to the limitation of its slow switching time it is replaced by FACTS devices which are fast acting devices due to which rapid and continues control of line compensation is possible Thyristor Controlled Series Capacitor is one of the FACTS device used for series compensation Usage of TCSC creates problems for conventional distance protection scheme. Distance protection scheme measures the apparent impedance of that particular network for which it provides protection. The apparent impedance seen by the relay is influenced by the uncertain variation of series compensation voltage.
Power Engineers normally prefer distance protection as the primary protection system. Due to the introduction of series compensation in power transmission lines they require extra care has the impedance seen by the relay changes. Modern power system protection has become intelligent has it uses micro processor based techniques for its operation. Micro processor based relays uses different types of techniques that have been widely like Expert System Techniques, Artificial Neural Networks and Fuzzy Logic Systems. Among these available techniques, Artificial Neural Networks (ANN) has been used extensively in this paper because the ANN based methods do not require a knowledge base for the location of faults unlike the other artificial intelligence based methods.
Artificial Neural Networks here uses back propagation algorithm for the improvement of the operation accuracy of distance protection when the transmission line is compensated using TCSC. ANN based back propagation algorithm is extensively tested using MATLAB Simulation for different test conditions before applying it to the commercial relay.
This paper is organized as follows: In the first section the introduction to Protection of Series Compensated Transmission Lines using ANN is discussed, in the second section simulation methods used and results are presented and in the third section conclusions based on the results obtained are presented
II. SIMULATION And RESULTS
The test system used in this paper is a 500KV, 60 Hz power system which has two sources corresponding to two areas joined by a 400km transmission line. The system parameters used for simulation are given in table (1) in Appendix. In this system the TCSC is placed in the middle of the transmission line as per the single line diagram shown in Fig. 1 Figure: 1 Single-line diagram of the test system
The model shown in the single line diagram is modelled for computer simulation in MATLAB/Simulink environment the same is shown in Fig.2 . After the simulation waveforms for different operating conditions are taken. Fig.3 and Fig. 4 shows a three phase voltage and current waveforms without TCSC in the system. Fig.5 and Fig.6 shows the voltages and current waveforms with TCSC present in the system. Fig. 6 also shows that whenever a fault occurs on the system the fault current increases abruptly and comes to normal condition after fault is cleared. After the simulation waveforms for different operating conditions are taken from which by using the fast fourier analysis tool box present in the MATLAB tool box the voltages and currents at the relay are calculated. Based up on the values of voltages and currents at different test conditions and different fault conditions impedance of that particular line section is calculated and the results are presented in table (1). Table: 1 Impedance values with TCSC in the middle of the line Table: 2 Protection behavior of the relay in the particular line section (3), we can clearly say that the usage of TCSC as resulted in a drastically change of impedance measurement due to which the relay shows wrong distance measurement this is the main problem faced by the protection circuit due to which a wrong signal is sent to the circuit breaker which has to be corrected, the change in impedance measurement and the distance measurement shown by the respective relay used for protection is corrected with the help of Artificial Neural Network. TABLE (3) shows the distance measurement in per unit values from this we can clearly understand that distance shown by the relay is erroneous with respect to the expected value which is also shown in the form of bar graph for better picture as shown in Fig 7. This error in distance measurement can be corrected by using the same ANN.
Type of Fault Fault Point in % of line Trip/No Trip of the relay based on impendence calculated
The training cases used for the training of the ANN are generated using MATLAB/Simulink test system shown in Fig. 1 for various kinds of faults (LLL-Fault, LL-Fault and LG-Fault) fault location (90%, 85%, 80%, 70%, 60% and 50% length of line) and with different firing angles of TCSC (60°, 63°, 65°, 68° and 70°), with all the above different training cases different training vectors were collected at a sampling rate of 16 samples/cycle. The inputs given for the training of ANN are voltage, current of the relay location and firing angle at which TCSC is operating. The output expected from the ANN system is trip or a no trip signal to the circuit breaker in the form of [0 0 0 1 1 1 1] and also the distance at which the fault as occurred either in per unit value, or in kilometres or in miles as per the training. ANN uses back-propagation algorithm for its training purpose and the number of neurons in the hidden layer is decided based on the trial and error method. In the present problem based on the trial and error method we come to the conclusion that with 10 neurons in the hidden layer gives better results with a Mean Square error of 2.9577x10 -14 .The results for expected output and the output obtained after training are compared as shown in TABLE (4).The results obtained in the TABLE (4) are plotted in the form of bar graph for better understanding as shown in Fig. 8 . TABLE (5) compares the distance shown by the relay before and after the training if we just have a look at the results we understand that the problem as shown in the TABLE (3) has been corrected. The results obtained in TABLE (5) are again plotted in the form of bar graph as shown in the Fig. 9 to get a quick understanding. 
III. Conclusions
The usage of TCSC in transmission lines has advantages like improvement in stability; enhanced active power transfer capability, but it also results in problems for conventional distance protection scheme used by respective transmission lines as there is an error in the apparent impedance measured by the relay which in turn shows the wrong distance measurement. The results obtained from simulation for different types of faults and different operating points (with firing angles α = 60° to 70°) of TCSC indicate that presences of TCSC when in operation will change the impedance measured by the relays used by the protection system, which causes mal operations (like over reach) of protective relay and also shows wrong distance measurement. This mal operation is avoided by ANN training by Back Propagation Algorithm. ANN based relay gives promising results (for tripping condition (0, 1) and also the correct distance where the fault has occurred) compared to conventional relay with the presences of TCSC. 
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